Total energy demand has increased all around the world in recent years, as a result of growing population and industrialization. Most of the existing sources to generate energy are fossil fuels and it is known that fossil fuels are scarce. In order to satisfy increasing energy demand, searches for new energy generation sources have been conducted and these searches are ended with the proposal of generation of energy by using renewable sources. Decision makers are facing with some important decision problems related to energy generation from renewable sources. In the scope of this study, site selection problem which is one of the most important problems related to renewable energy is considered. Site selection decision consists of many alternatives and many conflicting decision criteria. Due to the hesitance of decision makers in criteria evaluation, a decision making approach based on hesitant fuzzy sets is proposed for solution of the problem. Weights of evaluation criteria for locating wind turbines are obtained by using the proposed decision making approach.
Introduction
In daily life activities, different types of energy are needed by people. People need energy for heating, cooking, using electric devices, transportation, etc. Lack of energy in these areas causes reduction in life quality, and makes citizens unhappy. Energy is also one of the most important inputs of production.Due to the contribution of production to the country's economy, production inputs should be supplied. Hence, governments should feel responsible tosatisfy energy demand. This responsibility tells that energy policies take an important rolein government policies.
Energy policies are vital for countries. Rapid changes in energy prices or supply and demand characteristics of energy can lead countries into crisis. So, energy systems should be developed in a reliable manner and should be independent from other countries.
Developing a sustainable energy system with renewable sources consists of some problems. Some of major problemsrelated to renewable sources are prioritization of sources, selection of appropriate sources, determination of plant location and generation capacity, etc. For each problem that mentioned above decision makers should consider a number of conflicting environmental, social, economic and technical criteria related to source type. Considering the number of alternative types of energy generation technologies could lead decision makers to model these problems by using multiple criteria decision making (MCDM) techniques.
In the scope of this study, wind turbine site selection problem is considered. Due to the number of site selection criteria and alternative locations, problem is modeled as a MCDM problem. In the literature, studies on wind turbine site selection is widely seen. Some of these studies are given in Table 1 as follows: 17, 18, 19, 20, 21 There are too many site selection criteria in given studies. These criteria are summarized in Table 2 . Site selection parameters are determined by considering practical issues in Turkey and the criteria in the studies given in Table 2 . Decision makers' opinions are collected and location for wind turbine is selected. The rest of the paper organized as follows: In the second part, the proposed decision making methodology for wind turbine site selection is explained. Application of site selection based on the proposed methodology is presented in the third part. This paper concluded in the fourth part by giving results and search directions for further studies.
Methodology
Problems with multiple alternatives and multiple conflicting criteria are identified as MCDM problems. MCDM problems can be constructed in a hierarchical structure in order to divide the main problem into small sub-problems. By this way, solving the problem can be easier.
In this study, the MCDM algorithm based on hesitant fuzzy linguistic term sets (HFLTS) proposed by Yavuz et al. 22 is used. This algorithm provides the ability to handle hesitancy of decision makers in evaluation. The hierarchical structure and using fuzzy representations makes it possible for this algorithm to handle complex MCDM problems. The steps of Yavuz et al.'s algorithm are given in Fig. 1 as follows. Since our study doesn't consist of evaluation of alternatives, we didn't apply algorithm's steps related to alternatives, we use this model for weighting site selection criteria. Bird habitats 2, 3, 12, 18, 20 Impact on ecosystems 4, 6, 7, 19, 20, 21 CO2 emission 4 Visual impact 4, 6, 7 Electromagnetic interference 6 Safety 7 Distance to road 3, 8, 12, 16, 17, 20, 21 Distance to transmission lines 3, 10, 12, 16, 20, 21 Distance to woodland 1, 10 Distance to railways 16, 20 Distance to mining sites 16 Distance to radio and TV stations 16 Distance to tourism facilities 17 Distance to agricultural areas 19 Distance to historical important areas 19 Land cover 20 
Technical
Average air density 1 Land topography and geology 1, 3, 6, 7, 10, 16, 17, 19, 20, 21 Average wind speed 1, 6, 10, 12, 17, 18, 21 Energy production capacity 3, 4, 16, 18, 20 Technological maturity 4 Turbine size 6 Foundation strength requirement 7 Wind power density 8, 10 Wind occurrence 8 Turbulence intensity 8 Peak hour matching 8 Economic Operation and maintenance cost 1, 4, 6 Land cost 1, 6, 10 Grid connection cost Distance from residential area 1, 6, 8, 10, 16, 17, 19, 20, 21 Social acceptability 4, 6, 20 Regularity boundaries 6 Land use 6, 12, 17 Population density 12 Protected and cultural heritage 16, 18 
Developing a Site Selection Approach Based on the Proposed Model
In this section, an example site selection approach based on the proposed model is presented. For this purpose, criteria for site selection are determined and hierarchical structure of site selection procedure is constructed. The structure is given in Fig. 2 as follows:
Economic aspects of wind turbine site are financial issues related to turbine site and calculated by weighted sum of land cost, operation and maintenance cost and incentives.
Environmental aspects define the results that affect environment by locating a wind turbine at a specific site. These aspects can be listed as distance to natural reserves, distance to airports, noise, bird habitats and impact on ecosystems.
Effects of a wind turbine for people living in the same region are social aspects. Social acceptability, distance to residential area, protected and cultural heritage, availability of land and availability of labor are thought to be the social aspects in determining the location of wind turbines.
Technical aspects express the factors that show technical feasibility of making the investment for wind turbine. These factors are considered as average wind speed, land topography and geology and wind power density.
Steps of the algorithm can be seen on the study of Yavuz et al. 22 . Application of steps is given in this study. The context-free grammar consists of seven importance degrees from 0 to 6 and relation terms subset of "at most", "at least", "greater than", "lower than", "is" and "between". Context -free grammar is composed by combining importance degree value and relation term. Importance degree set are given in Table 3 . In the next step, experts' preferences as discrete sets are converted into interval values. These values are called as obtained envelops for HFLTS and obtained envelops for main criteria given in Table 5 as follows: Table 5 . Obtained envelops for main criteria for HFTLS
After obtaining the envelops, pessimistic and optimistic collective preferences are calculated. In Table 6 , pessimistic and optimistic collective preferences for main criteria are presented, respectively. The next step of the algorithmis calculating the vector of intervals of collective preferences for criteria. After this calculation, linguistic intervals are converted to interval utilities. Then, midpoints of interval utilities are obtained and finally weights are obtained by normalizing those midpoints. Linguistic intervals of the criteria, interval utilities associated with this interval, midpoints and obtained weights of main criteria are given in Table 7 . The weights of all main criteria and sub-criteria are given in Table 8 . Global weights are found by multiplying main criteria weights with sub-criteria weights and show the importance degree of wind turbine site selection criteria.
Results and Discussion
Determining the location of a wind turbine is one of the important strategic decisions for wind energy plant investments. Due to the existence of many conflicting criteria related to the problem and alternative locations, this problem can be handled as a MCDM problem. In this study, a decision making approach based on hesitant fuzzy linguistic terms set is proposed to solve wind turbine site selection problem. Hesitant fuzzy linguistic terms set is used to cope with hesitancy of decision makers.
According to the experts' opinions, wind power density criterion is the most important criterion among the all site selection criteria with the weight value 0.127. Average wind speed and incentives follow wind power density in the importance order with 0.124 and 0.117 weight values, respectively. Decision makers should primarily consider alternatives based on wind power density, average wind speed and incentives criteria while locating wind turbines.
This study can be extended by using the proposed approach on a case study to demonstrate the applicability of the proposed approach. Another possible extension of this study can be the comparison of the results of different decision making approaches. Development of new hybrid decision making approaches by combining this approach with other MCDM methods such as TOPSIS, ELECTRE, etc. can be another way of extension. 
